the differences in the pathophysiology, or phenotypes, of the disease. For example, studies in populations, such as Asian Indians, who have been exposed to generations of undernutrition suggest that type 2 diabetes may be highly prevalent even in thin people and may be driven not only by propensity to fat storage and insulin resistance but also primarily through innate and early problems with adequate insulin secretion. Furthermore, the etiology, clinical presentation, diagnosis, treatment, and prevention may differ by phenotypes. Studies in global settings, allowing for comparisons across populations (e.g., Asian Indians vs. Pima Indians), can better inform differences in phenotypes. It is therefore time to consider the pathophysiology of type 2 diabetes across the spectrum, from those dominantly affected by insulin resistance (type 2A) to those dominantly affected by insulin secretion (type 2B). With an increasingly interconnected world, investment in global collaboration in research and policy will be needed to win the war against diabetes.
WINNING THE BATTLE Declines in Rate of Complications Among People With Diabetes
Although diabetes (90-95% of which is type 2) remains a daunting public health problem, affecting 29.1 million individuals and costing $245 billion in the U.S. (1) , there have been impressive improvements in outcomes among people with diabetes in the country over the past two decades (2) (Fig. 1) . Mortality rates among both men and women with diabetes in the U.S. have declined substantially between 1997 and 2006 (3). Furthermore, rates of several diabetes complications have also declined between 1990 and 2010, including the incidence of acute myocardial infarction by 67.8%, death from hyperglycemic crisis by 64.4%, stroke by 52.7%, amputation by 51.4%, and end-stage renal disease by 28.3% (2) . Such improvements are not limited to the U.S., as improvements in outcomes among people with diabetes have also been observed in other highincome countries (4, 5) .
These improvements in diabetes complications are likely due to several factors; however, there are three that deserve special mention: investments in science, institutional orientation toward translation and implementation, and quality-of-care benchmarking efforts. First, investments in science leading to the development of new knowledge about the disease, better diagnostics, and a widening array of treatment options are all paying off. Namely, large clinical trials such as the Diabetes Control and Complications Trial (DCCT), the UK Prospective Diabetes Study (UKPDS), the Steno-2 study, and their successor mega-trials have helped to shape our understanding of diabetes management, treatment intensity and targets, and clinical practice. Second, there has been an increased emphasis on the implementation of proven interventions into clinical and public health practice and policy. Specifically, attention has been given to translational research to facilitate the implementation of proven interventions by the Centers for Disease Control and Prevention (CDC), the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), and the American Diabetes Association (ADA) (6) (7) (8) . Large multicenter translational studies, such as the Translating Research Into Action for Diabetes (TRIAD), funded by the CDC, NIDDK, and the Department of Veterans Affairs, have generated valuable information around key factors to improve quality of care (9) . Factors at the level of the health systems (i.e., financing, electronic record systems), disease management strategies (i.e., care coordination, diabetes teams, physician-patient communication), physician reimbursement (i.e., incentivizing quality as opposed to volume of services), and the patient (i.e., reducing out-of-pocket expenses, patient education and empowerment) each positively impact quality of care (10) (11) (12) (13) (14) . Third, the measurement of quality of care, led by the national Diabetes Quality Improvement Project (DQIP), working through a coalition of influential private and public national organizations, and later to become the National Diabetes Quality Improvement Alliance (NDQIA), has helped to focus attention on implementation. The NDQIA develops, maintains, and promotes the use of an updated standardized measurement set (the NDQIA measures) for quality of diabetes care. Monitoring and reporting of quality of care among people with diabetes nationally by the CDC and NIDDK have focused attention on gaps and documented significant improvements in diabetes processes and intermediate outcomes (15) (16) (17) . For example, such documentation has revealed that control of vascular risk factors, HbA 1c , blood pressure, and LDL cholesterol among people with diabetes have all improved in the period 1999-2000 (17) .
LOSING THE WAR
Although the declines in the rates of diabetes-related complications during the past two decades are noteworthy, we are still confronted by daunting challenges; namely, 1) the persistently high prevalence and incidence of diabetes in the U.S. (Fig. 2) and 2) the explosion of type 2 diabetes globally.
Persistently High Prevalence and Incidence of Diabetes in the U.S.
The prevalence of diabetes in the U.S. has been rising at least since 1980, while the rising incidence of diabetes seems to have recently plateaued (18) . Furthermore, the lifetime risk of diabetes in U.S. has been increasing over time: from 20.7% and 27.5% for males and females, respectively, born between 1985 and 1989, to 32.8% and 38.5% for those born in 2000 (19) , to 40.2% and 39.5% for those born between 2000 and 2011 (20) . The resulting consequences are that overall years spent with diabetes have increased by 156% for males and 70% for females (20) in the past 30 years. These increases in lifetime risk of diabetes are driven by two factors: 1) improved survival among those with diabetes, thanks to better implementation of proven interventions to prevent complications and delay mortality, and 2) continued high diabetes incidence. For a chronic disease such as type 2 diabetes, even small increases in incidence can have a dominant impact on lifetime risk and on population prevalence. As an illustration, the small increase in diabetes incidence in the U. (1) , and the annual rate of diabetes conversion in this group is severalfold than in people with normoglycemia (22). Thus, the impending growth of individuals with diabetes should be of great concern.
As a consequence of the increasing trend in numbers of people with diabetes in the U.S., even if the rate of complications is decreasing, the absolute numbers of people in the country with complications will continue to rise (Fig. 3 ). This will have enormous implications for health care systems and payers, as diabetes is already a costly disease (23) and was the leading contributor for inflationadjusted health care spending among Medicare beneficiaries in 1997-2006 in the U.S. (24) and there will be everincreasing numbers of people with diabetes and its complications to be managed.
Explosion of Type 2 Diabetes Globally
A larger worrying story, which the U.S., with its large immigrant population and global interconnectedness, would ignore at its own peril, is that diabetes has emerged as a major public health problem worldwide, with pandemic growth driven by changing demographic, socioeconomic, and lifestyle patterns across the globe. The International Diabetes Federation (IDF) estimates that there were 415 million people with diabetes in 2015 and projects that the absolute number will reach 642 million by 2040, affecting all regions of the world (25) (Fig. 4) . Current estimates suggest that three-quarters of those affected by diabetes live in low-and middle-income countries, where the disease disproportionately affects younger people at the prime of their economic productivity. The overall increase in diabetes prevalence has also been steeper in low-and middle-income countries than in affluent high-income countries (26). The IDF also estimates that globally at least 316 million people (6.9% of the world's adult population) had IGT in 2013 (27) and that low-and middle-income countries will experience a 50% increase in IGT prevalence by 2035, compared with 41% increase in highincome countries (27).
HOW TO WIN THE WAR? Emphasize Prevention and Global Research
Given the ever-growing and worldwide burden of diabetes, driven by high incidence and high numbers of people with complications, emphasis on primary prevention is critical (Fig. 1) . The emphasis on the prevention of type 2 diabetes requires two sets of strategies: 1) effective implementation of proven preventive interventions in people at high risk (i.e., IGT) in the immediate term and 2) aggressive long-term global collaboration and research to a) address gaps in knowledge in population-based primary prevention for improving diet and activity at the societal level and b) advance the understanding of differences in pathophysiology, especially in hitherto understudied but very large populations in the rapidly developing economies of the world.
Effective Implementation of Proven Preventive Interventions in People at High Risk
Strong evidence from a number of countries, highlighting the global nature of science today, demonstrates that lifestyle intervention and also metformin use in people with IGT can prevent or slow progression to diabetes (28) (29) (30) . Evidence also exists that interventions applied to people with IGT are cost-effective and can reduce diabetes complications, such as cardiovascular mortality and retinopathy, and can improve quality of life (31) .
Several barriers need to be overcome to effectively implement these preventive interventions for people with prediabetes at scale (22,32). First, despite the high prevalence of prediabetes (i.e., one of every three adults) in the U.S., almost 90% of people with prediabetes remain undetected (33). Improved detection of prediabetes followed by implementation of proven interventions for prevention in high-risk groups will slow the expansion of diabetes. Over the years, however, there has been considerable debate around the evidence for the benefits and costs of screening for prediabetes and diabetes (34, 35) . Screening policies have varied from the liberal position of the ADA (36) to a more restrictive policy of the United States Preventive Services Task Force (USPSTF) (37) . Much new evidence has accumulated over the past decade, and current evidence tips the scale toward screening for hyperglycemia (31) , which can also be viewed as a gateway to diabetes prevention and management (38) . The USPSTF has recently issued a broader set of criteria for screening, which, while moving in the right direction, still does not address the issue of nonobese people with prediabetes (39). Screening for prediabetes, however, is only the first step and needs to be coupled with strengthening of infrastructure and financing mechanisms to sustainably and effectively deliver interventions (22). A recent systematic review indicates that translation of diabetes prevention in reallife settings is feasible (40) , and a variety of successful initiatives already exist to implement diabetes prevention nationally by using existing community or social resources and networks (41, 42) . Expanding such initiatives across the country is needed, and some international examples may also serve as useful models (43). Although lifestyle interventions should be the primary strategy for the prevention of diabetes among people with prediabetes, there are data on effectiveness and cost-effectiveness that also support the use of metformin in people at high risk (22,44). Yet, indication for metformin use in people with prediabetes to prevent diabetes incidence is still not approved, and use of metformin among those at high risk of diabetes is exceedingly low (45) .
Although unequivocal evidence exists for prevention of diabetes in high-risk groups (i.e., IGT) and should be aggressively pursued in the immediate term, data suggest that the impact on diabetes prevalence from this approach alone would be rather modest and the U.S. diabetes prevalence would still be likely to increase dramatically over the next 20 years (46) . Therefore, although focusing on implementing currently proven interventions in people with IGT is important in the short term, a longer-term strategy for effective prevention will need to go beyond this narrow high-risk group and address the major gaps in knowledge concerning improving diet and physical activity in the population at large. Broader diabetes prevention efforts will also need research to better understand the pathophysiology of diabetes, so that more tailored measures of prevention can be evolved for various subpopulations.
Aggressive Long-term Global Collaboration and Research
In today's increasingly globalized world, driven by unprecedented movement of trade, capital, goods, people, ideas, and information, every challenge confronting comprehensive type 2 diabetes prevention is shared across the world in common, and solutions are also likely to require global collaboration. Clues from global health research can help our shared understanding of pathophysiology and cross-border sharing of best practices in prevention, management, and policy for diabetes.
Address Gaps in Knowledge in
). There are major impediments to strategies that can improve healthy lifestyles at the societal level. For example, despite knowing that adequate fruit and vegetable intake is recommended, we cannot implement targets because the global supply does not meet the demand, and analysis of data indicates that globally there is, on average, a 22% shortage in the supply of fruits and vegetables to meet this demand based on a recommended intake of at least five portions It is now widely recognized that type 2 diabetes is occurring with worrying frequency at younger ages, especially affecting large numbers of people in low-and middle-income countries. First noted in the late 1990s as an emerging public health problem (49,50), data from investigations, such as the SEARCH for Diabetes in Youth (SEARCH) study, have now carefully documented the prevalence and incidence of youth-onset type 2 diabetes and highlighted risk factors for it, notably, ethnicity (e.g., Native Americans, Asian Pacific Islanders) (51) and childhood obesity (52, 53) . A study of a nationally representative sample of over 7,000 schoolchildren in the U.S., followed from ages 5 to 14 with serial objective measures of anthropometry, showed that by age 5, 14.9% of children were already overweight and 12.5% were obese (54) . Importantly, although prevalence of obesity increased with age, incidence decreased with age and was highest at younger ages. Furthermore, incidence of obesity from ages 5 to 14 was four times higher in children who were overweight at age 5 compared with those who were normal weight at that age. In addition, a large randomized controlled trial of a comprehensive school-based program found no difference in risk of obesity between intervention and control schools (55). These data taken together suggest that the antecedents of childhood obesity and thus of young-onset type 2 diabetes are likely established well before school age and that the window of opportunity for intervention is preschool or sooner, perhaps even in utero (54) . However, we need a better and fuller understanding of the early-life factors that predispose individuals and subpopulations to obesity and type 2 diabetes, and global studies are likely to be of great value, as childhood obesity and young-onset type 2 diabetes are happening at quickening pace, especially in economically transforming low-and middle-income countries (56) .
Advance the Understanding of Differences in
Pathophysiology. Viewing type 2 diabetes in its global context offers exciting and productive opportunities for a better understanding its complex pathophysiology. For example, people of South Asian descent, a population of nearly 1.7 billion people worldwide, are at extremely high risk for type 2 diabetes and have unique susceptibilities to the disease (57,58). The prevalence of diabetes in India has continued to rise dramatically over recent decades (59) , and data now indicate a higher prevalence in Indians in urban India than in Indian migrants in the U.S. (60). Furthermore, among foreignborn people in the U.S., a fast-growing population of over 36 million, people from the Indian subcontinent have the highest diabetes prevalence among all immigrants to the country (61) (Fig. 5) . South Asians have the highest diabetes prevalence among all ethnic groups in the U.S., other than Native Americans (62, 63) , and develop the disease at younger ages and at lower levels of BMI (61,64-66).
South Asians also exhibit other unique features in terms of diabetes development. For example, South Asians were five to nine times more likely than other racial/ethnic groups to exhibit dysglycemia and dyslipidemia (characterized by low One-half to one-third of insulin secretion in Pima Indians across BMI and glucose strata *Data from Gila River Indian community in Arizona cohort (96), data from the National Health and Nutrition Examination Survey (NHANES) and Centre for Cardiometabolic Risk Reduction in South Asia (CARRS) surveillance study (U. Gujral, personal communication), and comparisons between the Gila River Indian community in Arizona and the CARRS surveillance study (97). HDL cholesterol and high triglycerides), even at a healthy BMI (67) . The South Asian population may offer unique opportunities to investigate the causes of type 2 diabetes and cardiometabolic metabolic diseases in people who are relatively thin, a phenomenon being reported in other populations either living in or whose ancestry is from parts of the world undergoing recent economic development (68, 69) . This concept of a unique South Asian phenotype has been described by others (70,71) and goes back several centuries. Diabetes was described in ancient times in the preinsulin era by the Egyptians, Arabs, Greeks, and Indians. A sixth-century Indian Ayurvedic textbook, Charaka Samhita, even identified two forms of diabetes: "There are two forms of diabetes (Madhu Meha or honey urine): one associated with emaciation, dehydration, polyuria, and lassitude, and the other with stout build, gluttony, obesity, and sleepiness" (72) . An important area for future investigation of phenotypes relevant to type 2 diabetes prevention and treatment is the role of innate or early problems with insulin secretion. In fact, some authors have recently called for a reclassification of diabetes with a greater b-cell-centric approach (73). Genetic studies add to this discourse and reveal two insights: 1) that there are only a few overlaps between genes identified for type 2 diabetes and those for obesity, thereby indicating that pathophysiological processes other than obesity and insulin resistance may be important in the development of diabetes (74), and 2) that the majority of type 2 diabetes genes seem to be related to the b-cell rather than to insulin resistance. South Asians may be a good population group to investigate the role of b-cell dysfunction in pathogenic progression of type 2 diabetes.
Population-based data comparing U.S. Pima Indians and Asian Indians from Chennai, India, have revealed several intriguing findings, notably, the relatively poorer insulin secretion at baseline and 30 and 120 min after an oral glucose tolerance test and the relatively higher proportion of isolated IFG ( Table 1) . As isolated IFG is primarily the result of hepatic insulin resistance, with early-phase, stationary impairment in b-cell function (75), and is diagnosed as a fasting plasma glucose $5.6 mmol/L and ,7.0 mmol/L (76), these comparisons indicate that these two high prevalence groups may have very different pathways to developing diabetes. The Asian Indian type 2 diabetes phenotype may involve greater innate insulin secretion problems, both in the fasting state and in response to glucose challenges. This has implications for prevention and treatment. In a trial of a stepwise strategy of lifestyle intervention and metformin, when required, among South Asians with prediabetes, there was an overall relative risk reduction of 32% of progression to diabetes. Importantly, in the group with isolated IFG, the relative risk reduction was a meager 12% (77) . Similarly, a study from Japan has also shown a null effect of lifestyle intervention among Japanese people with isolated IFG (78) . The results of these studies indicate that measures to improve insulin action may have limited effect in people whose primary problem may be with insulin secretion and that other types of interventions may be needed in these populations. care.diabetesjournals.org Narayan 659 Other investigations also lend support to the possibility that b-cell function may be declining very early in the natural history among South Asians. For example, in a cross-sectional study of South Asian Indians with different glycemic status, b-cell function was reduced in those with even mild dysglycemia (e.g., fasting glucose 100-126 mg/dL and/or 2-h glucose 140-199 mg/dL) regardless of age, adiposity, insulin sensitivity, or family history (79) . b-Cell function was also more strongly associated with prediabetes and type 2 diabetes than with insulin resistance in young adults in Chennai, India, and in a cohort of South Asian Indian migrants in the U.S. (80, 81) . Comparisons between South Asians and other racial/ethnic groups have also been informative. For example, an analysis from the Whitehall II cohort study in the U.K. suggested that South Asians may have a poorer b-cell reserve relative to Europeans (82) , and a study in the U.S. showed South Asians had poorer b-cell function compared with whites, blacks, Hispanics, and Chinese Americans (83). A study in the Netherlands suggested that family members of South Asians with type 2 diabetes may have poorer b-cell adaptation than similar Dutch individuals (84) . Although informative, most of the published data suggesting that South Asian populations may have susceptibility for poor b-cell function are from cross-sectional studies, and investments in longitudinal multiethnic studies are needed to establish causality and mechanism.
The role of early b-cell dysfunction in the pathophysiology of diabetes may be especially important in populations or subgroups where prevalence of type 2 diabetes is high at low BMIs, a phenomenon that is quite common in populations of emerging economies, where nutrition transitions are overlapping with centuries of undernutrition (68,69). For example, in a population-based study in Chennai, India, approximately 20% of people with BMI ,18.5 kg/m 2 had type 2 diabetes (U. Gujral, personal communication) and overall diabetes prevalence was high, even though more than two-thirds of men and half of women had BMI ,25 kg/m 2 . Intriguingly, historical data suggest that the South Asian population may have had good nutrition status in the Mesolithic period, as indicated by their tallness (85) , and that the population may have been growing undernourished for generations. This may point to the role of maternal and/or early childhood nutrition, as the window of maximal opportunity for height, a marker of maternal and early nutrition and possibly of metabolic capacity, may be in the first 3 years of life (86,87). A number of studies also support the role of transgenerational metabolic pathways linking early malnourishment with diabetes risk (88,89).
Time for New Classification of Type 2 Diabetes?
Although both insulin resistance and impaired insulin secretion are important in the pathophysiology of type 2 diabetes, studies in populations, such as South Asians, especially in comparison with groups such as the Pima Indians, raise the question of whether it is time to seriously consider heterogeneity within type 2 diabetes development and diagnosis. In particular, could there be different phenotypic presentations of type 2 diabetes described by the relative roles of insulin resistance and b-cell function? Is it time to consider the pathophysiology of type 2 diabetes across the spectrum, from those dominantly affected by insulin resistance (type 2A) to those dominantly affected by insulin secretion (type 2B)? For example, the traditional and well-studied phenotype of type 2 diabetes, mainly a manifestation of increased metabolic load, defined largely by impaired insulin action, and driven by adiposity, physical inactivity, and adult dietary factors, may be a distinct type (Fig. 6) , whereas the far lesser studied phenotype, characterized by reduced metabolic capacity and impaired b-cell function and driven by hitherto incompletely understood factors, such as maternal and child nutrition, reduced b-cell mass, microbiomes, and endocrine disruptors, may be another. Studies across global populations may shed further insights into type 2 diabetes phenotypes and may point to differences in etiology, pathophysiology, diagnosis, prevention, and treatment by diabetes subtypes.
CONCLUSIONS
The reductions in complication rates among people with type 2 diabetes in the U.S. and in high-income countries are encouraging, but the war against diabetes needs a new era of informed prevention through expanded global collaboration in research and policy. Although the global burden of type 2 diabetes points to the need for aggressive global collaboration in science to advance prevention and treatment, there is currently a huge mismatch between where the diabetes burdens reside globally and where research is concentrated (Fig. 7) . Correcting this imbalance will be important, and research into type 2 diabetes and related noncommunicable diseases in low-and middleincome countries offers huge scientific opportunities (90) . Perhaps there are lessons to be learned for type 2 diabetes and other noncommunicable diseases from how global collaborations in science and policy have helped with the fight against HIV and AIDS (91,92). We are now in a highly interconnected global world and all problemsdwhether it is climate change, water security, HIV, or Eboladcut across national borders in ways unimaginable, and efficient and effective solutions need expanded global engagement in science (93) . The war against type 2 diabetes is no exception and cannot be comprehensively won without the investment in collaborative global diabetes research.
